Introduction
50% of human basal cell carcinomas
and in the ras protooncogene at a much lower rate [9] . Along with CC→TT tandem double mutations, C→T transitions are considered the 'signature' mutations of UVB light. Numerous studies have shown that UV B-induced DNA damage can increase the expression of p53 protein, a key element for cell cycle regulation [10] . The [10] .
Nucleotide excision repair (NER) is the predominant DNA repair pathway used by cells to remove bulky lesions such as pyrimidine dimers [11] . NER [12] and all have been correlated with either UVB-induced DNA damage hotspots [13] or CPD excision coldspots [14] . [7, 8, 15, 16] .
It is thought that chronic UVR confers a selective advantage on cells with a dysfunctional p53 gene and that reduced apoptosis and increased clonal expansion of these damaged cells leads to formation of mutant p53 clusters, actinic keratoses and, ultimately carcinomas
DNA photoproducts caused by chronic exposure to sunlight are responsible for initiating photocarcinogenesis in the skin (e.g. basal and squamous cell carcinomas). Previous studies demonstrate that skin cells exposed to UV slowly over a long period of time, conditions that mimic those associated with many occupational and recreational behaviours, respond in quite unexpected ways. We have identified cells at the dermal-epidermal boundary that accumulate significant levels of DNA damage in chronically irradiated mice as well as in sun-exposed human skin [17, 18] [19, 20] Fig. 3B and C) . As a positive control, EpiAirway tissue exposed to UVB and processed immediately after irradiation was used. A strong positive staining was detected (Fig. 3A) . (Fig. 4) [23, 24] . These data are consistent with previous results showing that longer wavelength UV radiation (i.e. UVB and UVA) penetrates deeper and damages human skin DNA greater than UVC.
DNA damage penetration in EpiDerm and EpiAirway tissues exposed to UVR

EpiAirway and EpiDerm tissues were exposed to three different doses from each of 4 different light sources; including (1) a narrow-band germicidal UVC source consisting of 5 Philips Sterilamp G8T5 emitting predominantly 254 nm radiation (NB-UVC), (2) a UVB source consisting of 4 Philips TL-01 100W lamps filtered through cellulose acetate (Kodacel, Kodak) emitting narrow band 313 nm radiation (NB-UVB), (3) the broadband UV light source provided by Allux Medical (BB-UV) and (4) the BB-UV light source from which the UVB had been filtered out, resulting in a broad-band UVC spectrum (BB-UVC
Statistical analyses
DNA damage and repair after multiple UV light exposures of human nasal mucosa
The current phototherapy treatment protocol for allergic rhinitis requires 9 UV treatments of the nasal mucosa during 3 consecutive weeks (3 exposures per week). DNA damage and repair of nasal epithelium was evaluated in nasal cytology samples from symptomatic allergic rhinitis patients at baseline (no UVR exposure), immediately after the final (9 th ) exposure and then 1 week and 4 weeks later (Fig. 2). As in the single exposure experiments, baseline CPD levels were very similar for all of the subjects and were not significantly above background levels in either the placebo (Panel A) or treated groups (Panel B). However, immediately after the final treatment significant CPD frequencies were
Biologic response of EpiDerm and Ep-Airway to UV radiation
We conducted a comparative analysis of 3-dimensional reconstructed respiratory epithelium (EpiAirway) and epidermis (EpiDerm) to better understand similarities and differences between these tissues with regard to their biological response to UVR, particularly DNA damage induction and repair. An experiment was performed to quantify the rates of CPD induction in these tissues using various UV radiation sources (data not shown). Tissues were exposed to increasing doses from the NB-UVC and NB-UVB radiation sources and from the BB-UV source with and without the UVB component removed (BB-UVC). Doses were adjusted to yield approximately equivalent levels of DNA damage from each light source in purified DNA. In all cases significantly more damage was induced in the EpiAirway compared to the EpiDerm by the same dose of UVR due to shielding by the stratum corneum in the EpiDerm tissues. The EpiAirway tissues were also used to investigate the depth of penetration of different UV sources. The unfiltered, full-spectrum BB-UV light (Allux Medical) closely resembled the NB-UVB pattern in its depth of penetration
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Fig. 2 Long-term resolution of DNA damage in human nasal epithelia from patients receiving a 3-week course of rhinophototherapy for the treatment of seasonal allergies. Patients received either RPT (B) or a placebo treatment containing visible light with no UV radiation (A). Sample nasal epithelial tissue was collected either prior to treatment (-UV) or immediately after the 9th treatment (T0) and then at 1 week (T1) and 4 week (T4) intervals after the final treatment. The standard deviations were calculated from 4 data points from the RIAs of DNA extracted from tissues from 13 placebo and 13 treated patients.
The data reported here using samples obtained from subjects exposed to single or multiple UV treatments suggest that the human respiratory epithelium can efficiently remove lesions in DNA resulting from exposure to UV radiation. To further examine this question, the rates of NER in EpiAirway and EpiDerm were compared. Doses were adjusted to account for shielding by the stratum corneum. In Fig. 5, the kinetics for CPD and (6-4) Fig. 5A and 5B, respectively. These values normalized to the T0 value for each photoproduct in each tissue are shown in Fig. 5C (CPDs) and 5D [(6-4 for CPDs is 11-13 hrs at doses similar to those used in the current study [30] and < 3 hrs for the [17, 18, [32] [33] [34] Morris and Potten suggest are stem cells [33, 34] 
